Background: We aimed to evaluate the association between renal function and various cardiovascular disease (CVD) risk factors, as well as 5-year incidence of CVD, in a sample of CVD free adults. Methods: (i) Cross-sectional information from n = 1975. Greek men and women (>18 years) without CVD and hypertension at baseline examination and (ii) 5-year (2001-06) survival data from n = 2101 individuals without CVD at baseline, all participants in the ATTICA study, were analysed in this work. Kidney function was quantified by the baseline estimated creatinine clearance rate (C cr ), using the Cockcroft-Gault formula and the National Kidney Foundation recommendations. Outcome of interest was the development of CVD that was defined according to WHO-ICD-10 criteria. Results: At baseline, the prevalence of moderateto-severe renal dysfunction (i.e. C cr < 60) was 2.8% in males and 7.7% in females. Physical activity status, cigarette smoking, hypercholesterolemia
Introduction
Recent studies in high-risk samples and in patients with cardiovascular disease (CVD) have consistently shown that the level of renal function is an independent risk factor for cardiovascular mortality. 1, 2 Especially in patients with severe kidney injury, defined as an estimated glomerular filtration rate (GFR) <60 ml/min/1.73 m 2 , an increased prevalence of several cardiovascular risk factors may occur, including volume expansion secondary to sodium retention, arterial hypertension and insulin resistance with impaired glucose tolerance. Chronic kidney disease has also been associated with oxidative stress, and increased circulating levels of inflammatory markers, phosphate retention with medial vascular calcification, increased parathyroid hormone concentrations causing valvular calcification and dysfunction, anaemia and left ventricular hypertrophy, all of which can increase cardiovascular risk. [3] [4] [5] [6] In an analysis of four community-based studies that enrolled 22 634 subjects without a history of CVD, chronic kidney disease was shown to be a risk factor for the primary composite outcome of myocardial infarction, fatal coronary artery disease, stroke and diabetes; 2 while in a recent case-controlled study of 6432 men, chronic kidney disease was related with the existence of several cardiovascular risk factors, like advanced age, diabetes mellitus and smoking and was independently associated with cardiovascular mortality. 7 The role of kidney function with mortality has long been investigated in the context of heart failure; where in patients hospitalized with acute decompensation, even small changes in renal function can influence prognosis. 8 Furthermore, in patients undergoing cardiac surgery, acute kidney injury has been identified as the strongest risk factor for death; while even a small increase in serum creatinine concentration after cardiothoracic surgery is related with increased complications and mortality. 9 Although renal function has been related with the clinical course of patients with heart disease, the role of even mild to moderate kidney disease on cardiovascular morbidity and mortality of subjects without having any evidence of CVD, has not been evaluated in the literature, as far as we are aware. Furthermore, the mechanisms whereby even mild deterioration of renal function can affect cardiovascular risk and the impact of even mild renal dysfunction on several established and emerging cardiovascular risk factors, including lifestyle habits, are lacking in the literature. Thus, and under the context of the ATTICA study, 10 we aimed to evaluate (i) the cross-sectional association between renal function and various established and novel CVD risk factors, as well as (ii) the role of renal function on the 5-year incidence of CVD, in a sample of CVD free adults.
Methods

Study's sample
The 'ATTICA' epidemiological study 10 is a health and nutrition survey that has been carried out in the province of Attica region (including 78% urban and 22% rural areas), during 2001-02. The sampling anticipated enrolling only one participant per household, was random, multistage and it was based on the age-sex distribution of the province of Attica (census of 2001). People with CVD or cancer or people living in institutions were excluded from the sampling. According to the study's design, 4056 inhabitants from the above area were randomly selected to enroll into the study; of them, 1514 men and 1528 women agreed to participate (participation rate 75%). However, for the evaluation of the associations between participants' baseline characteristics and renal function indices, data from 974 men and 1001 women without hypertension at baseline examination were studied. Participants with history of hypertension were excluded from the cross-sectional analyses because of the strong potential confounding effect of anti-hypertensive treatment in the investigated relationships. The selected sample can be considered as representative since there were only minor, insignificant, differences in sex and age distribution between the study population and the target population. All participants interviewed by trained personnel (cardiologists, dieticians and nurses) who used a standard questionnaire.
Baseline measurements
The baseline characteristics of the participants include detailed information regarding: sociodemographic factors (age, sex, financial status measured in mean annual income during the last 3 years and education level measured in years of school), history of hypertension, hypercholesterolemia and diabetes, dietary and other lifestyle habits, such as smoking and physical activity. Moreover, the evaluation of the nutritional habits was based on a validated semi-quantitative food-frequency questionnaire, the European Prospective Investigation into Cancer and Nutrition (EPIC)-Greek, 11 where participants were asked to report the average intake (per week or day) of several food items that they consumed (during the last 12 months). In order to describe overall diet composite scores were used, which are necessary for the evaluation of epidemiological associations. Thus, special diets score (the MedDietScore) was used (theoretical range 0-55) 12, 13 that is based on the rationale of the Mediterranean dietary pyramid and has been found repeatable and valid in relation to CVD risk factors in previous analyses. 13 Energy intake was calculated through food-composition tables. Current smokers were defined as those who were smoking at least one cigarette per day during the past year or had recently stopped smoking (during a year before the interview); the rest of the participants were defined as non-current smokers. For the ascertainment of physical activity status, the International Physical Activity Questionnaire was used (IPAQ), 14 as an index of weekly energy expenditure using frequency (times per week), duration (in minutes per time) and intensity of sports or other habits related to physical activity (in expended calories per time). Participants who did not report any physical activities were defined as physically inactive (sedentary lifestyle).
Body mass index (BMI) was measured as weight (in kg) divided by standing height (in m 2 ). Obesity was defined as BMI > 29.9 kg/m 2 . Waist (in cm) and hip (in cm) were also measured using standard procedures. Abnormal waist circumference was defined in males as waist >102 cm and in females as >88 cm. Arterial blood pressure was measured at the end of the physical examination with subject in sitting position. All participants were at rest at least for 30 min. Participants whose average of three consecutive measurements of blood pressure levels were !140 and/or 90 mmHg or reported that they were under anti-hypertensive medication were classified as having hypertension. At this point it should be noted that hypertensive subjects were excluded from the baseline analyses. Blood samples were collected from the antecubital vein between 8 and 10 a.m., in a sitting position after 12 h of fasting and alcohol abstinence. Hypercholesterolemia was defined as total cholesterol levels > 220 mg/dl or the use of hypolipidemic medication and diabetes mellitus as a fasting blood sugar >125 mg/dl or the use of anti-diabetic medication. High sensitivity C-reactive protein, interleukin-6, tumor necrosis factor-a, homocysteine and fibrinogen levels (as markers of low-grade systemic inflammation and thrombosis) were measured. C-reactive protein was analysed by particle-enhanced immunonephelometry (N Latex, Dade-Behring Marburg GmbH, Marburg, Germany) with a range of 0.175-1100 and 0.75-1000 mg/dl, respectively. The intra-and inter-assay coefficient of variation was <5%. Interleukin-6 was measured with high sensitivity enzyme linked immunoassay. The intra-and inter-assay coefficient of variation was <10%. Plasma fibrinogen levels were measured using automatic nephelometry. Homocysteine was measured using pulsar fluorescence method. The intra-and inter-assay coefficients of variation of fibrinogen and homocysteine did not exceed 9%. Serum creatinine and urea were measured in serum using a colorimetric method (BioAssay Systems, Hayward, CA, USA). Renal insufficiency was initially quantified by the baseline estimated creatinine clearance rate (C cr ). Based on baseline serum creatinine, the C cr was calculated using the Cockcroft-Gault formula 15, 16 : C cr = {[(140Àage) Â weight] / (72 Â serum creatinine)} for men, while for female gender, the result of the above equation was multiplied by 0.85. C cr classes (i.e. <30 severe, 30-60 moderate, 60-90 mild and >90 normal) were defined following the National Kidney Foundation recommendations. 17 Further details about the aims and procedures of the ATTICA study have already been presented in the literature. 10 
Five-year follow-up and investigated outcomes
From June to August 2006, the ATTICA study investigators performed the 5-year follow-up at participants' places. The median and quartiles follow-up time was 4, 4 and 5 years, respectively. Of the 3042 individuals that initially enrolled in the Study, 2101 were allocated in the follow-up examination (69% participation rate in the follow-up). Of the participants that they did not participate in the reexamination, 25% were not found because of missing or wrong addresses and telephone numbers, and 5% denied being re-examined. No significant differences were observed between those who were lost to follow-up and the rest of the participants regarding sex (P = 0.99), and age (P = 0.78), education level in years of school (P = 0.67), as well as creatinine clearance rates (P = 0.24), presence of hypertension (P = 0.12), diabetes (P = 0.27) and hypercholesterolemia (P = 0.12). Information about participants': (i) vital status (death from any cause or due to CVD), (ii) development of CHD (i.e. myocardial infarction, angina pectoris, other identified forms of ischemia -WHO-ICD coding 410-414.9, 427.2, 427.6-, heart failure of different types and chronic arrhythmias -WHO-ICD coding 400.0-404.9, 427.0 À427.5, 427.9-) and (iii) development of stroke (WHO-ICD coding 430-438), were assessed by the Study's investigators based on participants' medical and/or hospital records, as well as death certificates.
Bioethics
The design and methods of the ATTICA study has been approved by the scientific committee of our Institution, and has followed the Declaration of Helsinki (as revised, 1989). All participants were informed about the aims and procedures of the study and gave their consent.
Statistical analysis
Continuous variables are presented as mean values standard deviation). Categorical variables are presented as absolute and relative frequencies. Baseline associations between categorical variables were tested using the chi-squared test. Comparisons of mean values of normally distributed variables between groups of the participants were performed using the Student's t-test or the ANOVA, after testing for equality of variances. However, for the notnormally distributed variables the non-parametric Mann-Whitney and Kruskal-Wallis tests were applied. The Bonferonni rule was applied to correct the P-value because of multiple post-hoc comparisons. The association between C cr rate (dependent) and various characteristics of the participants at baseline evaluation was then evaluated through multiple linear regression analysis. Variables entered in the final model were those that produced the best fit of the regression model. Model's goodness-of-fit was tested using normality plots of the residuals and the plots of predicted against the values of residuals. Incidence of CVD (CHD or stroke) was defined as the ratio of new cases divided by the person-time of the participants. The relative risks of developing CVD during the 5-year follow-up period, according to the participants' baseline characteristics were estimated using the relative risks and their corresponding 95% CIs through Cox proportional hazard models. Interactions between C cr rate and other covariates were tested, and when they were significant remained in the final model. P-values are based on two-sided tests and compared to a significance level of 5%. SPSS version 14 (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA) software was used for all the statistical calculations.
Results
Baseline associations between renal function and participants' characteristics
In Table 1 , the distribution of socio-demographic, as well as creatinine, urea and C cr rate in males and females that were also hypertension-free at baseline evaluation is presented (n = 1975). As it was observed males had higher creatinine, C cr rate and urea levels compared with females (P < 0.001). Moreover, based on the C cr rate roughly 3% of males and 8% of females seems to suffer from renal dysfunction.
The association between renal function status and various lifestyle, clinical and biological markers of CVD were also tested; however, due to the small prevalence of severe kidney disease, the severe and moderate classes were combined to one in all analyses followed on. In Tables 2 and 3 , various participants' characteristics in relation to renal function are presented. As already mentioned, females were more likely to develop moderateto-severe renal dysfunction, while the latter was more evident among post-menopausal women. Moreover, unadjusted analysis revealed that participants with renal dysfunction were more likely to be heavy smokers, to be away from the traditional Mediterranean diet, to consume higher quantities of carbohydrates, protein and alcohol, but to drink less frequently coffee. In the contrary, people with kidney disease were less likely to be obese (Table 2) . Regarding, clinical and biochemical characteristics, compared with those with normal renal function, people with renal dysfunction had increased prevalence of hypercholesterolemia and diabetes, and higher lipid, and inflammatory markers levels (Table 3) .
Then, mutli-adjusted analysis was applied. In Table 4 , the results from linear regression model that evaluated log C cr rate in relation to lifestyle and clinical characteristics of the participants are presented. History of hypercholesterolemia, as well as homocysteine levels were associated with lower C cr rate. Moreover, greater adherence to the Mediterranean diet was associated with better C cr rate. However, physical activity was associated with reduced rate of C cr . When intensity of physical activity and C cr rate were evaluated, only low or never physically active subjects had higher C cr rate compared with moderate or high active participants [97 (30) vs. 93 (26) vs. 92 (22) , P = 0.004]. Data are presented as mean (standard deviation) or relative frequencies. CHO: carbohydrates; MUFA: monounsaturated fatty acids. *P < 0.05 and **P < 0.01 for the comparisons between normal vs. mild or moderate-to-severe renal function after correcting for multiple comparisons using the Bonferonni rule. Data are presented as mean (standard deviation) or relative frequencies. *P < 0.05 and **P < 0.01 for the comparisons between normal vs. mild or moderate-to-severe renal function after correcting for multiple comparisons using the Bonferonni rule.
Nevertheless it should be mentioned that all the above reductions in C cr were within normal limits. C-reactive protein and interleukin-6 levels were also considered in the multiple linear regression model showing similar, but they showed less prominent results compared with homocysteine (i.e. less robust models). Thus, and in order to avoid co-linearity, homocysteine was the only inflammatory marker that included in the model. Moreover, age and gender, were not included in the model because they are already taken into account in order to calculate C cr rate.
CVD development during the 5-year follow-up and renal function
Regarding the status of the 2101 individuals that were allocated in the follow-up, 1012 men and 1035 women were found alive, while 32 (2.1%) men and 22 (1.4%) women died during the 5-year period. The 5-year incidence of CVD was 108 (11.0%) cases in men and 62 (6.1%) cases in women (P for gender difference <0.001, the overall 5-year CVD event rate was 8.5%); 32 of these events were fatal (21 men, the 5-year CVD death rate was 1.6%). Causes of death were: myocardial infarction (25 cases), stroke (6 cases) and other CVD (1 case). Thus, the 5-year incidence of CVD was calculated to be 220 cases per 10 000 men and 122 cases per 10 000 women participants. Unadjusted analysis showed that people with moderate-to-sever renal dysfunction had 5.13-times higher risk of developing CVD events (95% CI 3.34-7.88) (Figure 1 ). The latter finding was still significant even when other covariates were taken into account. Particularly, moderateto-severe renal dysfunction was associated with 3.21-times higher risk of developing CVD events, after adjusting for history of hypertension, hypercholesterolemia, diabetes, smoking habits and physical activity status (Table 5) .
Discussion
In this work, we evaluated the association between renal function and various socio-demographic, lifestyle and bio-clinical characteristics of a sample of hypertension and CVD free Greek adults, as well as the role of renal function on the 5-year incidence of CVD. A strong sex difference was observed regarding the prevalence of renal dysfunction in our population. In particular, females were more likely to have moderate-to-severe renal dysfunction compared with males. Several observational and experimental studies in humans have underlined that renal functions under are different in males and females, mainly because to the sex-hormone-regulated expression and action of transporters in the apical and basolateral membrane of nephron epithelial cells. 18 History of hypercholesterolemia and homocysteine levels were associated with renal dysfunction, adherence to the traditional Mediterranean diet improved renal function, while, interestingly, physical activity was also associated with lower creatinine clearance rates. Furthermore, moderateto-severe renal dysfunction was a significant, independent predictor of future CVD events. The observed 5-year CVD-event rate was similar to the event rates observed in the recent GREECS study (i.e. 22.6 acute coronary syndrome events per Cum Survival Figure 1 . Kaplan-Meir survival plots by creatinine clearence rates. Table 4 Results from multiple linear regression that evaluated log C cr rate (dependent variable) in relation to baseline lifestyle and clinical characteristics (independent variables) of the participants that were hypertension-free at baseline evaluation (n = 1975) 10 000 persons per year), 19 as well as other studies in Greece and in the US. 20, 21 The main function of the kidney is the regulation of extracellular fluid; thus even mild abnormalities can impair the balance of extracellular volume leading to renal sodium retention which is one of the initial events in the pathogenesis of essential arterial hypertension and to an increase in left ventricular mass and eventually left ventricular hypertrophy, which has been recognized as an independent risk factor of cardiovascular mortality. 18, 22, 23 Furthermore, diuretics under the context of hypertension treatment can affect renal function; that is why we decided to exclude hypertensive individuals from the cross-sectional analyses of this work. Chronic kidney disease has been also associated with increased inflammation process, including plasma homocysteine, fibrinogen and uric acid levels, although the exact mechanisms are not clear yet. 24 In our work, those participants with even mild kidney disease had increased fast serum levels of homocysteine, the latter could be also attributed to a higher consumption of meat and carbohydrates, instead of the closer adherence to the Mediterranean type of diet that was evident in those with normal renal function. Additionally uric acid has been recognized as an independent risk factor for cardiovascular events in patients affected by hypertension, diabetes, coronary heart disease and is related to total mortality; 25 while it has been also related with deterioration of left ventricular function. 26 Moreover, participants with moderate-to-severe renal dysfunction showed higher levels of serum uric acid compared to those with mild renal dysfunction.
Mediterranean type of diet has been related with lower incidence of CVDs, metabolic disorders and several types of cancer mainly due to the benefits on lipids metabolism, arterial blood pressure levels, on the control of BMI, as well as on the reduction of inflammation and coagulation process. [27] [28] [29] In this work, those who had closer adherence to this dietary pattern showed better renal function. Between lifestyle factors, diet seems to play an important role in the prevention of renal failure. Although, there is no specific dietary pattern for preventing renal failure, excessive intake of protein, sodium, potassium and alcohol have shown to be related with the progression of renal failure. 30 On the contrary, the Mediterranean diet mentioned above is a pattern rich in fruits, vegetables, legumes, cereals and olive oil as the main added lipid, with moderate to low animal protein intake and alcohol drinking. Another finding of the analyses presented in the present work is that those participants with moderate or severe renal dysfunction consumed increased quantities of alcoholic beverages as compared to those with normal and mild impairment of renal function. Although excessive alcohol consumption is a risk factor for hypertension and stroke, evidence for an association with chronic kidney disease is conflicting. White et al., 31 in a prospective study of 6259 adults, without a history of alcohol dependence, revealed that alcohol intake of !30 g/day was associated with an increased risk of albuminuria after adjustment for age, sex and baseline kidney function, and with a reduced risk of GFR <60 ml/min/1.73 m 2 , compared with consumption of <10 g/day.
Furthermore, it was observed that physical activity was associated with reduced rate of creatinine clearance, indicating that physical active individuals have even a slight decrease in their renal function. Physical activity has been related with reduced mortality in general population and also in patients with chronic kidney disease. 32 On the other hand, exercise-associated hyponatraemia, due to inappropriate retention of body water in combination with the non-osmotic stimuli of the anti-diuretic hormone and the higher than normal fluid intake, has emerged as an important complication of prolonged endurance physical activities. 33 In the Third National Health and Nutrition Examination Survey, GFR was related with activity status and duration, but negatively with activity frequency in those without metabolic syndrome performed larger numbers of activity varieties after adjustment for confounders. 34 It seems that higher level of physical exercise can lead to even mild reductions in renal function. In our study those participants with moderate or high physical activity levels had lower creatinine clearance rate compared with low or never physical active subjects; although it should be mentioned that all the above-mentioned reductions in C cr were within normal limits.
It is well known that Type-2 diabetes is an important risk factor for the development of renal dysfunction, as diabetic nephropathy develops in $40% of diabetic patients. 35 In the present work, the presence of diabetes was associated with lower C cr rate, a fact that confirms the results from previous studies, although this association lost its significance after multivariate adjustment analysis was performed. Furthermore the association between increased serum lipid levels with impaired renal function may be attributed to the increased oxidation of lipids and proteins which is linked to the presence of hyperfiltration, and eventually renal dysfunction. 36 Finally, it is of interest that people with moderate-to-severe renal dysfunction had mean BMI below 25 kg/m 2 , but almost half of them had abnormal waist circumference (Table 3) ; this could state a hypothesis for the fundamental role of abdominal obesity on renal dysfunction, even among people with normal BMI, that cannot, however, addressed here because of limitations of the design of the study.
Limitations
The present work has several strengths described above, but also some limitations. At first, the baseline evaluation was performed once, and may be prone to measurement error. Renal function was not evaluated through GFR. Additionally the measurement of cystatin C, which is a renal filtration marker independent of muscle mass, is lacking in this work.
Conclusion
The present work revealed that presence of even moderate renal dysfunction was related to various surrogate markers of CVD (like glucose and lipid levels, serum inflammatory markers levels, poor financial and low-educational status and unhealthy diet); as well as higher risk of developing CVD future events, after adjusting hypertension, hypercholesterolemia, diabetes, smoking habits and physical activity status. These findings underline the emerging role of population-based strategies in order to develop screening programs for renal dysfunction risk assessment, as well as the implementation of renal function evaluation in the management of CVD risk factors in order to reduce the future burden of the disease.
